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Delineation of Areas Contributing Recharge to
Municipal Wells in Three Selected Confined-Glacial
Aquifers in Erie County, New York

By Richard M. Yager, Todd S. Miller, and John Thayer

ABSTRACT

Areas that contribute water to municipal wells
screened in three glacial aquifers that supply water to
the Village of Alden and the Towns of Collins and Hol-
land in Erie County were delineated through concep-
tual ground-water-flow models that were based on
hydrogeologic information from previous studies.
Seismic refraction profiles, stream-discharge measure-
ments, and streambed inspections were conducted to
obtain additional information on depth to bedrock and
the degree of hydraulic connection between aquifers
and streamns. Uncertainty in the location and extent of
the areas contributing recharge to the municipal wells
was examined through a comparison of areas delin-
eated with conceptual models representing alternative
hypotheses concerning aquifer boundaries and hydrau-
lic properties; this comparison indicated what addi-
tional information would be needed to decrease the
uncertainty in the contributing-area delineations.

The Village of Alden’s municipal wells are
screened in a shallow, confined aquifer overlain by
fine-grained sediments deposited during a readvance
of glacial ice. The ground-water system was simulated
with a two-layer model representing the confined aqui-
fer and the underlying weathered-shale bedrock, and
recharge to the confined aquifer was derived from
downward leakage through the confining layer and
underflow through the weathered bedrock from upgra-
dient areas. MODFLOWP, a parameter-estimation
method based on nonlinear regression, was used to
calibrate the model to ground-water levels measured in
18 wells and ground-water discharge to Spring Creek.
Areas contributing recharge to four municipal wells
ranged from 0.045 to 0.07 square miles, and from 7 to
28 percent of this recharge originated as runoff from
upland areas upgradient to the south; the remainder

was derived from precipitation on areas overlying the
aquifer. Decreasing the vertical-leakage rate from 24
to 10 inches per year in an alternative model increased
the size of the contributing areas by 40 to 90 percent
and increased the percentage of recharge that entered
the aquifer from upland areas as underflow and
unchanneled runoff by 10 to 40 percent.

The Town of Collins municipal well no. 1 is
screened in a deep, confined sand and gravel aquifer in
a buried bedrock valley eroded by a tributary to the
ancestral Allegheny River valley. The confined aquifer
is overlain by fine-grained sediments that are, in turn,
overlain by an unconfined aquifer composed of allu-
vial and deltaic sand and gravel with a maximum
thickness of 550 feet, except in areas near the valley
walls where the aquifer extends to land surface. The
confined aquifer is recharged at these exposures by
precipitation and infiltration from streams and upland
runoff, and at depth by underflow from upgradient
parts of the buried bedrock valleys to the north, east
and south. Ground-water flow was simulated with a
one-layer numerical model representing average
steady-state conditions in the confined aquifer. Two
alternative models were considered: in model A a large
conductance value (100 feet squared per day) was used
along the head-dependent flow boundary to represent a
large rate of recharge from the uplands, and in model
B, a small conductance value (20 feet squared per day)
was used to represent less recharge from the uplands.
In model A, the areas contributing recharge to the
municipal well within the aquifer and upland areas
were 0.29 and 0.95 square miles, respectively, and all
water pumped from the municipal well was derived
from upland areas as underflow or unchanneled runoff.
In model B, the contributing areas were 0.87and 2.0
square miles, respectively, and 85 percent of the
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pumped water was derived from upland areas, while
the remainder was derived from underflow through a
buried-tributary valley now occupied by Clear Creek.

The Town of Holland’s municipal well is
screened in a deep, confined aquifer within a narrow,
glacially scoured bedrock valley bordered to the south
by the Lake Escarpment moraine. The confined aqui-
fer is overlain by lacustrine silt and clay deposited in a
proglacial lake that formed between the moraine and
the receding ice front. Ground-water flow through the
confined aquifer was simulated with a two-layer
model representing the confined aquifer and overlying
glacial sediments, but the model was not calibrated
because little information on ground-water levels and
flow rates is available. The area contributing recharge
to the Holland municipal well from morainal sedi-
ments covers an area of 0.063 square miles and pro-
vides about 35 percent of the water pumped from the
well; the remainder of the recharge to the well flows
through a part of the confined aquifer that covers 0.34
square miles within the modeled area and extends
southward to upgradient areas outside the modeled
area. Decreasing the vertical hydraulic conductivity of
the morainal sediments by a factor of 10 in an alterna-
tive model resulted in a decrease in the contribution
from leakage through the morainal sediments to less
than 10 percent of the flow to the well; the remainder
of the water pumped from the well was derived mainly
from underflow through the southern boundary.

INTRODUCTION

Accurate delineation of areas that contribute water
to wells is an essential step in protecting the ground-
water supplies from contamination. The U. S. Environ-
mental Protection Agency has recommended that
municipalities adopt “‘Wellhead Protection” strategies
to prevent ground-water contamination by regulating
land use in areas that contribute water to public-supply
wells (U. S. Environmental Protection’Agency, 1987).
The objective of these strategies is to define the surface
area through which water enters the ground-water sys-
tem and eventually flows to wells, and to develop poli-
cies that minimize contamination in these areas.

The Erie County Department of Environment and
Planning is assisting in the development of Wellhead
Protection strategies for municipal wellfields screened
in three confined glacial aquifers that provide water to
the Village of Alden and the Towns of Collins and Hol-
land (fig. 1). The aquifers are glacial deposits of sand

and gravel that supply water to the three communities,
each of which has less than 5,000 people. In 1994,
the U. S. Geological Survey (USGS), in cooperation
with the Erie County Department of Environment and
Planning, began a I-year study to delineate the areas
contributing recharge to the municipal wells that tap
these aquifers.

The Erie County Community Development Block
Grant program, the Village of Alden, the Towns of
Collins and Holland, and the New England Interstate
Water Pollution Control Commission provided fund-
ing for the study. A companion study of the Onondaga
Limestone, which provides drinking water to the Vil-
lage of Akron, was conducted as part of the same
project (Kappel and Miller, 1996).

Purpose and scope

This report describes the hydrogeologic setting in
each of three study areas and the ground-water-flow
models used to delineate the contributing areas to con-
fined wells in each area. It presents maps showing the
distribution of hydraulic head in the principal aquifer
in each area and the contributing areas to the munici-
pal wells as indicated by the models. It also includes
tables summarizing the inflows and outflows to each
aquifer computed for average, steady-state conditions.
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METHODS OF ANALYSIS

Ground-water-flow models were developed to
represent each of the three selected aquifers and to
delineate the areas that contribute water to municipal
wells. Hydrogeologic information from previous stud-
ies was supplemented by data from field surveys to
construct numerical models of ground-water flow in
each aquifer and to delineate the areas that contribute
recharge to the wells. Where the boundaries and
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